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For many conservationists,
butterflies are some of the key
species that can indicate the
quality of an environment not
only for themselves but for
many other, often less visible,
species. Some of their specific
needs are often well known, but
movements around their habitat
and important factors within it
are less understood. To help
address this issue, a new study
reports for the first time the
flight paths of five butterfly
species successfully tracked
using harmonic radar within an
agricultural landscape.
Until now, butterfly mobility
has been predominantly studied
using visual observations and
mark–recapture experiments.
But Elizabeth Cant and
colleagues at Rothamsted
Research and the University of
Greenwich in the UK, report in
the Proceedings of the Royal
Society (published online)
experiments in which a
lightweight radar transponder
was attached to the butterfly’s
thorax to track their flight. They
found, in initial experiments,
that the transponder did not
significantly affect behaviour or
mobility. On release, the
butterflies’ tracks were analysed
for straightness, duration,
displacement, ground speed,
foraging and the influence of
linear landscape features on
flight direction.
Two main styles of track were
identified: fast linear flight and
slower nonlinear flights involving
a period of foraging and/or
looped sections of flight. These
loops potentially perform an
orientation function, and were
often associated with areas of
forage.
In the absence of forage,
linear features did not provide a
guiding effect on flight direction,
and only dense treelines were
perceived as barriers. The
presence of fences and other
landscape features did not
appear to influence the flight of
the butterflies, and neither did
wind direction. They suggest
that man-made features do not
impede the butterflies’
assessment of suitable habitat.
This study provides support
for the non-random dispersal of
these butterflies and a
perceptual range of 100–200 m.
It demonstrates a methodology
that may be of value for future
investigations of butterfly
mobility and ecological needs of
wider environmental importance.
On track: Radar has been used to follow the flight paths of several species of
butterfly and may help to determine their environmental needs and those of other
less-visible species. (Photograph shows a small tortoiseshell butterfly, Aglais
urticae, carrying a transponder. Courtesy of Elizabeth Cant.)
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What does it mean? Literally,
autophagy means ‘self-eating’,
but before you start thinking
‘cannibalism’ it refers to
consumption at a subcellular
level. In a very general sense, it is
a process by which cytoplasm is
delivered to the degradative
organelle — the lysosome or its
yeast equivalent, the vacuole —
and degraded. There are different
types of autophagy including
microautophagy and chaperone-
mediated autophagy, but most
people use this word
synonymously with
macroautophagy, as will I here.
What does it involve? In
autophagy, a double-membrane-
bound vesicle, termed an
autophagosome, forms in the
cytosol, sequesters cytoplasm or
targeted cargoes, and fuses with
the lysosome, releasing the inner
vesicle, the autophagic body, into
the lumen (Figure 1). The cargoes
are broken down by resident
hydrolases, and the resulting
macromolecules are recycled.
Autophagy is generally considered
to be non-specific, but there are
examples of specific autophagy,
such as the degradation of excess
peroxisomes.
Why should I care? In yeasts,
autophagy is primarily a starvation
response allowing basic building
blocks to be regenerated from
degraded cytoplasm; however, in
higher eukaryotes autophagy
plays a role in development and
health. For example, autophagy is
used to defend cells against
invasion by bacterial and viral
pathogens, and may play a role in
determining lifespan. It can
function in tumor suppression
and, possibly, in preventing
neuropathologies associated with
the toxic accumulation of
misfolded and aggregated
proteins, as occurs in Parkinson’s,
Huntington’s and Alzheimer’s
diseases and certain prion
diseases. In addition, autophagy
is unique as a mechanism that
can remove entire organelles, an
important task beyond the
abilities of the proteasome that
allows for the removal of
damaged or obsolete organelles,
potentially eliminating oxidative
stress or allowing cellular
remodeling.
Do we know anything about its
regulation? A little. In animal
cells, components of the class I
phosphatidylinositol (PI) 3-kinase
pathway including Akt and Tor act
as inhibitors, whereas the lipid
phosphatase PTEN, class III PI
3-kinase and p70 S6 kinase
appear to be positive regulators.
In yeast, Tor kinase and protein
kinase A are inhibitory, while PI 3-
kinase is required for autophagy.
Many questions remain regarding
the networked interactions that
control autophagic responses to
different stimuli.
What else do we know? Many
autophagy-specific proteins have
been identified in yeast and
shown to have orthologs in higher
eukaryotes, including two systems
that involve ubiquitin-like proteins.
One of them, Atg8, modifies
phosphatidylethanolamine and
may act as a structural
component of the autophago-
some. A further 27 other proteins
that act only in autophagy have
been identified. In yeast, most of
these proteins localize at least
transiently to the pre-
autophagosomal structure, which
may be the site of autophago-
some formation (Figure 1).
What don’t we know about it?
Plenty... We do not definitively
know the source of the
sequestering membrane (but the
ER is probably involved) and,
although many protein
components have been identified,
we don’t really know the function
of most of them. Because of these
two limitations, we do not know
how the sequestering vesicle
—the hallmark of macroautophagy
— is formed. Another major issue
is how specificity is achieved,
either for the removal of a
particular organelle or the
recognition of invading pathogens.
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Figure 1. The process of macroautophagy. 
A double-membrane-bound autophagosome sequesters cytoplasm. Fusion with the
lysosome or vacuole releases the single-membrane autophagic body (AB) that is
broken down, allowing degradation of the cargo and recycling of the resulting macro-
molecules. In yeast, most of the Atg proteins localize to the pre-autophagosomal struc-
ture (PAS), which may be the site of nucleation for the sequestering vesicle.
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Selection and the
origin of species
Arianne Y.K. Albert and 
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Why are there so many species on
earth? Answering this question
requires an understanding of how
species form. An obvious place to
start looking for answers is
Darwin’s ‘On the Origin of Species
by Means of Natural Selection’
(1859). But his title is deceptive:
Darwin’s book is about adaptation
and the origin of varieties and has
surprisingly little to say about
selection and “the origin of
species — that mystery of
mysteries”.
To be fair to Darwin, it was not
for another 80 years or so that the
modern view of the species was
developed. The ‘biological
species concept’ defines a
species as one or more
populations of potentially
interbreeding organisms that are
reproductively isolated from other
such groups. Humans and chimps
are today separate species not
only because we are genetically
and phenotypically distinct, but
because we are reproductively
isolated. Neither finds the other
attractive when choosing a mate
(‘premating isolation’) and very
likely, hybrids are inviable or
sterile (‘postmating isolation’).
Reproductive isolation is therefore
the most salient evolved feature of
a species, at least in sexual
organisms. Even ‘good’ species
may hybridize once in a while, but
to meet the species criterion the
flow of genes between them must
be negligible. The study of
speciation is therefore the study
of how reproductive isolation
evolves, premating or postmating,
between populations.
Natural selection is the
differential survival or
reproductive success of
individuals differing in phenotype
within a population. Sexual
selection, by contrast, is the
differential mating success of
phenotypically different
